Perinatal epidemiology and health services research have focused on specific health outcomes or disease states ("key" indicators and/or sentinel events), clients of public programs, and clinical service populations. In this paper, the concept of "population health" is defined and operationalized for the broad perinatal healthcare context within the framework of population health informatics. Traditional indicators and outcome measures for perinatal health are compared with some newer measures and assessed for their relevance to population health. A hypothetical model for the implementation of population health informatics for maternal and child health is described; in addition, and some obstacles to the practice of population health are identified, with strategies to overcome these obstacles.
Perinatal epidemiology and health services research have focused on specific health outcomes or disease states ("key" indicators or sentinel events), clients of public programs, and clinical service populations. As our nation's public health programs operationalize and elaborate the recommendations of the Committee for the Study of the Future of Public Health, 1 health professionals, healthcare systems, and payers are encountering the transition from quality assurance to quality improvement and outcomes management. On many levels, the emerging discipline of "population health" provides a conceptual and intellectual framework for the organization, delivery, and assessment of clinical and public health-oriented perinatal services. In this brief essay, population health is defined and operationalized for the broad perinatal healthcare context within the framework of population health informatics. Traditional indicators and outcome measures for perinatal health are assessed for their relevance to population health; a variety of new measures are also explored. An example of a population-based informatics environment for maternal and child health is provided. The essay concludes with a discussion of barriers to the implementation of population health informatics systems and the practice of population health, with some strategies to overcome these obstacles.
POPULATION HEALTH
Population health refers to the health, well-being, and functioning of entire populations. In some ways, it is similar to public health, but differs in a number of respects. First, although it shares with public health a focus on the entire population, this is an explicit rather than implicit emphasis for population health. Second, the population health perspective takes into consideration a much broader range of inputs and health outcomes. Third, the population health perspective can be applied to a variety of populations, defined perhaps by place of residence, place of employment, membership in a kinship-oriented community (e.g., Amish, Old Order Mennonite), membership in an insurance plan, or other clearly defined populations.
How do the specific goals of population health differ from those of public health? The answer to this question is both subtle and transformational. The primary difference is de facto rather than de jure. Although both population health and public health have a focus on the health of the "public" or "population," public health practice tends to be limited to the risks and clinical factors associated with specific diseases and at-risk subgroups of the population or with ill or high-risk individuals. Population health practitioners, however, implicitly and explicitly address the entire population and the entire range of factors that determine health. As suggested by Frank, 2 population health "increases our understanding of the determinants of health and reaffirms the need for public health professionals to examine critically social inequities and policies that maintain them." Although the organization and delivery of health services to a population can support the practice of population health, the mere existence of a national health plan or staff model health insurance provider is only a useful precondition for population health practice. Many countries in western Europe have health systems that are more conducive to the disciplinary approach of population health, particularly in the areas of clinical and administrative health information systems. However, population health requires its practitioners to think outside the traditional framework of the medical model of disease causation, diagnosis, and treatment. Although the American healthcare system is fragmented both in its financing and in its delivery modes, these structural characteristics are not fundamental obstacles to the prac-tice of population health at the community, state, or national levels in the United States.
What are the determinants of population health? The Evans and Stoddart model, reproduced in a slightly revised form as Figure 1 , provides a conceptual framework for population health, 3 whereas the traditional medical model focuses on the environment and on socioeconomic prosperity. Most importantly, the outcomes of interest from the perspective of population health form a superset of the traditional public health outcomes while simultaneously providing the social context for clinical health services. Societal levels of health and functioning, or general well-being, are the outcomes of greatest interest. Interrelationships between society, polity, economy, and healthcare access and the utilization of health services are implicit in this model. The model has a general prevention focus and provides a broad framework for the practice of population health.
The perinatal objectives of clinical practitioners, public health, and population health differ due to their specific roles, responsibilities, and philosophical perspectives. Clinical practitioners and service providers necessarily focus on outcomes and indicators that reflect on the treatments and services provided by perinatal health professionals within the healthcare delivery system. Public health professionals have focused both on measures of access, treatment, and outcomes for individuals receiving direct clinical services through the public health system, as well as on global measures of disease prevalence and outcomes and access to and utilization of preventive health services. Data for the former are typically drawn from administrative clinical records, and for the latter from public health databases. In the emerging population health paradigm, population-based measures from both the clinical and public health arenas are placed within their broader socio-politico-environmental context, with a focus not only on health and disease, but also on social functioning and well-being.
It may be useful to compare the sets of perinatal outcome measures used within the healthcare delivery system, public health as currently practiced, and population health. Within the healthcare delivery system, outcome measures might include appointment waiting times, vaginal birth after cesarean delivery rate, rehospitalization or emergency department visit within 10 to 14 days after postpartum discharge, and neonatal intensive care unit admission of a term liveborn infant. From the public health perspective, outcome measures might include the infant mortality rate, the low birth weight rate, immunization rates for children under the age of two, or the proportion of women with adequate prenatal care (selected from literally hundreds of measures listed in Healthy People 2000). 4 Although the measures listed above are useful, from the perspective of population health they are not broad enough to capture the essence of population health status. Examples of measures that do this include the proportion of very low birth weight infants with intact neurological systems at entry into school, wanted pregnancies as indicated by utilization of preconception care, or maternal functional status at 6 months postpartum.
The emerging discipline of population health has roots in a number of intellectual traditions. Public health (especially population-based data systems), demography, the social and behavioral sciences (especially representative sample surveys of health, health status, and well-being), environmental health, epidemiology, and health services research all contribute to population health. Population health also gains strength from the necessity for integration of staff and resources from the public, private, and academic sectors. For readers interested in exploring the potential of population health, the recent text by Young 5 serves as a useful introduction; Starfield's book on primary care provides a comprehensive framework for linking the traditional medical model to the broader determinants of population health. 6 Population health is in its infancy as an organized discipline. Several graduate programs and research institutes have been established in the United States, Canada, England, and elsewhere in the past few years. However, the potential of the population health paradigm in the clinical, public health, community-based decision-making, and public policy arenas is largely in the future. One area in which we cannot afford to delay implementation is the creation of information environments that support the practice of population health.
POPULATION HEALTH INFORMATICS
Informatics is defined generally as "information science." Friede et al. 7 described public health informatics as an emerging field that encompasses public health surveillance methodologies, data and databases, and information systems, used collectively to merge, manage, analyze, and interpret public health data. The practice of public health informatics implies a paradigm shift in the institutional arrangement, management, operationalization, and utilization of databases and information services within the public health sector. In most states and municipalities, integration of public health information services across the spectrum of programmatic activities has yet to be realized. The core public health functions of assessment, policy development, and assurance 1 would all be enhanced through the expansion and integration of the current health statistics/epidemiol- ogy units at the state, municipal, and local levels into seamless public health system-wide informatics environments.
Were this to occur, however, the information basis for population health would still be lacking. Therefore, a new field of intellectual endeavor is proposed, which could be called population health informatics. Population health informatics builds on the concept of public health informatics, but has four specific foci. First, the focus is on surveillance of the health status of entire populations, rather than simply on those who access services. Second, population-based health information systems are integrated with a variety of external data sources to provide a comprehensive perspective on the determinants of population health. Third, aspects of healthcare delivery, access, utilization, and outcomes management are considered in terms of their bearing on broader population health outcomes. Fourth, applications can focus on populations defined geographically, by employment, by participation in health plans, or within integrated healthcare delivery systems.
Population health informatics is an environment for assessing the health status, functioning, and levels of well-being of entire populations. It provides a tool for health policy formation on a more global level than is currently available. It serves as a resource for health planning and is a tool for sharing health information with members of the public. Population health informatics also provides a platform for health services research and serves as a basis for population-based epidemiology.
A MODEL APPLICATION
Within the perinatal/maternal and child health context, the following example may serve to illustrate the transformational potential of population health informatics. The Wisconsin Health Information System for Population/Public Health Evaluation, Research and Surveillance (WHISPERS) is a model that was developed for a recent grant proposal. The system (diagrammed in Figure 2 ) was conceived as a comprehensive information environment supporting all aspects of population health informatics.
Fully implemented, this information environment would include numerous population-based data systems monitoring vital events, utilization of health services, socio-demographics, and spatial referencing systems, as well as data systems serving public health programs. Although some public health services are population-based by nature (e.g., vital statistics, communicable disease, pediatric immunization), most have data systems for tracking outcomes, services, and interactions with the clients of specific programs that serve selected subsets of the population. These data systems would also be incorporated into WHISPERS, both through integration with the populationbased data systems and through integration across public health data systems. 8 The diagram shows four examples of broad types of public health functions (environmental/occupational health, maternal and child health, communicable disease, and chronic disease prevention/ health promotion); each is composed of many programs and services and represents numerous data systems. To illustrate the concept of data system integration, we elaborate the structure of an integrated maternal and child health information system; similar models could be developed for all public health functions.
At the core of an integrated maternal and child health information system are vital statistics data. Birth certificates are routinely linked with infant death certificates. These data would then be used as the basis for linkages across maternal and child health programs and functions. Beginning with the immunization registry, which relies on birth certificates to identify the population of children needing immunizations, additional programs would be linked to the common core. Other data systems could then be linked including the Special Supplemental Food Program for Women, Infants, and Children (WIC), the statewide blood lead registry, the Maternal and Child Health data system used by most clinics and services and funded through the Wisconsin Maternal and Child Health Title V block grants, local public health data systems, the PC-Log perinatal database (the source of most birth certificates and a far more detailed hospital-based resource for clinical data on antepartum, intrapartum, and postpartum care), 9 and potentially a registry of public health services provided by outreach workers supporting the immunization program, the Medicaidbased Prenatal Care Coordination benefit, the newer Medicaid-based BadgerCare child health insurance benefit, and other home-visiting services. All of these linkages are further enhanced through linkage, either statistically or through cross-referencing in a geographic information system, to socio-demographic data from the Federal Census and/or other administrative data sources.
The data system integration supports a variety of population health informatics functions. Together with the Wisconsin Information for Public Health Officials (WI-INPHO) component of this project, the integrated information environment would support communications and information sharing across the state public health system. The Geographic Information System (GIS)-Health Milwaukee pilot project represents some of the most advanced thinking about the potential of geographic information systems for disseminating health information to community decision-makers. This group integrates ideas, resources, and data from the public, nonprofit, healthcare, academic, and community sectors in a very exciting informatics environment that can potentially transform forever the way public health analysts, researchers, and administrators think about information resources for planning, evaluation, and policy development. Finally, the overall integrated maternal and child health information system will support the assessment, policy, and assurance functions of public health on a variety of levels, both programmatically and from local to regional to statewide. Although this plan contemplates the implementation of information system integration projects in maternal and child health, the WHISPERS project is designed to facilitate the integration of population health informatics services across the spectrum of traditional and innovative public health functions. Although not funded and as yet unrealized, this model demonstrates the functionality and potential of population health informatics within the context of perinatal care and maternal and child health.
INTEGRATING POPULATION HEALTH AND CLINICAL INFORMATICS
The practice of population health is a necessary but not sufficient element in the quest to obtain optimal perinatal outcomes. The box encompassing the "traditional medical model of healthcare" in Figure 1 includes a number of access points and opportunities to affect the quality of healthcare services and outcomes. Donabedian has outlined a model for health services research and for the maintenance of quality that focuses on three components of healthcare delivery: structure, process, and outcomes. 10 Structure refers to the design and attributes of the healthcare system infrastructure, whereas processes are the techniques and mechanisms for providing healthcare services to patients; outcomes are changes in the health status of patients that can be directly attributed to the healthcare services they received. Kazandjian provides a useful framework for identifying outcomes and clinical indicators for quality improvement and outcomes management. 11 Clinical indicators must be scientifically valid and reliable, and selected with reference to processes of care. A plethora of trendy phrases characterize our uncertainty as to how to promote quality management within the hospital or clinical setting (e.g., care pathways, clinical practice guidelines, care maps). These concepts appear to be coalescing under the rubric of outcomes management 12 and provide a framework for a population-based focus on disease management. To do this effectively, more comprehensive clinical information systems must be devised. 13, 14 Ideally, these applications should interface directly with public health information systems to bridge the continuum from healthcare to population health. This will also require a multidisciplinary dialogue of engagement between clinical practitioners, public health researchers, sociologists, policy makers, and others to define a broader set of indicators and measures of the population's perinatal health status. The dialogue should not be constrained by existing data sources and available measures. Rather, the primary focus should be on the clinical validity of the measures, with attention then paid to developing mechanisms for monitoring or surveillance on a population basis. Were the population health approach the dominant paradigm in maternal and child health today, the next editions of indicator sets from the Joint Commission on Accreditation of Healthcare Organizations (JCAHO), American College of Obstetrics and Gynecology (ACOG)/American Academy of Pediatrics (AAP), Health Plan Employer Data and Information Set (HEDIS), and American Public Health Association (APHA) would look very different from those with which we are now familiar.
DISCUSSION
Population health is an emerging framework for assessing and evaluating the health status and health outcomes of defined populations; population health informatics is the operationalization of an integrated information systems environment for the practice of population health. Within the context of perinatal health, the population health framework broadens the search for the determinants of adverse outcomes by providing a social, behavioral, and physical environmental context that is generally lacking within the traditional medical model of healthcare. What is the role of perinatal health practitioners within the population health model? Perinatal providers should look beyond the clinical and biologic determinants of disease and outcome to the sociocultural milieus within which pregnancy, childbearing, and parenting occur. When treating patients, we must remember that they come from families, neighborhoods, and communities; we must work to ensure that these are mutually supportive environments for women, infants, and children, and those with whom they interact on a daily basis. Will it be easy to add an increased burden, however small, on doctors and nurses already facing mounting pressures for productivity and time-delimited provision of healthcare services and clinical decision-making? Obviously not. In the long run, however, by being cognizant of the population health context of perinatal care, we will ultimately provide better care for our patients and their families.
Practicing population health will require changes in the structure of clinical information systems as well as applications that bridge the continuum from clinical informatics to population health informatics. It will also require a holistic perspective on outcomes management that moves beyond the readily accessible indicators to measures of the processes of healthcare delivery across the perinatal continuum in a variety of delivery settings. Transforming public health into population health requires a paradigm shift, not only in the frame of reference but also in the organization and deployment of information services on a local, state, and national level. However, to paraphrase Pogo, in thinking about population health "We have met the future, and we are it!"
